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ABSTRACT 


The yield strength of 5 inch cartridge cases (1030 steel) 
has been previously shown to be dependent upon the prepara- 
tion method used for the test samples. The samples prepared 
Dy a procedure used by the Navy were roll-strengtnened and 
Stress relieved and the samples prepared by an Army method 
were straightened and not stress relieved. Tne samples 
prepared by the Navy test method gave a relatively nigh yield 
strength compared to samples prepared by the Army method. 

ihteao clear {from this previous work that if yield 
Bem@emeun is to be a satisfactory acceptance criterion, stand- 
ard specimen preparation and mecnanical test procedures are 
necessary. The aims of this current program have been to 
determine in detail the effect of different sample prevara- 
tion procedures on the yleld strength and to recommend a 
standard procedure. 

imiecsuinmary, 20 1S found that stress relleving the roll- 
Suramuentened specimens produces strain aging which results in 
femeireredased yield strength and a restoration of a distinct 
yield point. The Navy method will better represent tne 
actual yield strength of the case if the stress relief 
treatment is omitted as no increase in yield strengtn was 


Heesmrea due tO Various sStraiZhtening techniques. 
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TI. INTRODUCTION 


The present modern deep-drawn steel cartridge case 
requires specific mechanical properties. These properties 
must be such that the steel will expand in the gun chamber 
and obturate satisfactorily during firing but must be 
resilient enough to allow easy recovery or extraction after 
rane . 

These required mechanical properties (i.e., strength, 
expansion, and contraction capabilities) are developed and 
controlled by judicious use of heat treating and metal 
forming procedures. : 

The expansion and partial contraction is directly 
momawed tO the elastic and plastic characteristics of the 
Material. These two characteristics are a direct function 
Sieciemyaeld strength of the material and thus, the yield 
Strength snould indicate the performance capabilities of a 
ease. 

Mieeerder tO establish a standard method of yield 
strength measurement, it was suggested that different 
facilities should be involved in an extensive testing 
program. These facilities were Seal Beach, Norris 
iitemoemres, Frankiord, and indian Head. These facilities 


performed tensile tests on samples prepared by botn the army 





and Navy method [Ref. 1]. Some of the conclusions that they 
obtained after several different kinds of tests are: 

1) The method of specimen preparation had a definite 
effect on yield strength values both in average and data 
dispersion. Hand straightening the test specimens (Army 
method of preparation) resulted in low mean values with 
large data dispersion. Mechanical roll-straightening 
followed by stress relieving (Navy method of preparation) 
resulted in higher mean values with less data dispersion. 

2) Analysis of test results of the test gage area which 
included the looper pattern (grain orientation produced by 
Polling and extended by drawing), disclosed no correlation 
between grain orientation and yield strengtn values. Yield 
strength values were distributed normally and tnus could be 
used for statistical evaluation of the quality of a part. 
Ultimate tensile strengths were also normally distributed 
pueeeslienvly skewed and should not be considered in tne 
Statistical evaluations. 

3) Elongation and hardness values were not of a normal 
Gestribucvion and were considered invalid for statistical 
SeValuation of the quality of a part. Elongation and 
hardness values are only useful in indicating material 
anomalies and should be retained for that purpose only. 

4) The size of test specimen had no noticeable effect 


@ameunie test data. 





5) Mechanical properties do not differ significantly 
meom cartridge case te cartridge case. 

6) Improperly prepared specimens resulted in test 
specimens incapable of producing valid reliable data. 

7) The Navy method of specimen preparation must be used 
if the 135 Kpsi and 90 Kpsi minimum yield strength require- 
ments for the case base area and side wall area are 
specified. 

8) Maintain elongation, ultimate strength and nardness 
as test data but delete tnem as acceptance criteria. 

Upeeeiise = stavistical analysis of yield strength data as 
pmeenuance criteria. 

This thesis presents the effect of the various steps of 
the sample preparation method on yield strength (straighten- 


ing and stress relief). 





Il. BACKGROUND INFORMATION 


A. MANUFACTURING PROCESS FOR A 5 INCH CARTRIDGE CASE 

Precitvarily iron may have a tensile Strength of 40 Kpsi, 
ttimuae introduction of fractional percentage points of 
alloying elements such as carbon followed by neat treatment 
can produce as much as tenfold increase in strength. 
Different heat treatments can produce different combinations 
Semoerenegen and ductility within these limits. 

Maximum strength is obtained by the heat treatments that 
meiee three distinct operations: 1) Heating the steel to 
@ereiatively high temperature so as to convert it to 
eeememive: 2) Quenching (rapid cooling) of the hot steel to 
form martensite and 3) Tempering the martensitic steel by 
heating to a relatively low temperature so as to obtain tne 
ioe Toeauctlon in hardness and increase of ductility. 
inemenoper combination of strength and ductility is critical 
to the usefulness of the engineering alloys. In the neat 
treated medium carbon steels, the balance of strength and 
ier ty can be closely controlled and is one of the most 
Satisfactory to be found in engineering alloys. 

steel used for most cartridge cases conforms to 
Mie 3-99 (AISI-C1030) which establishes a carbon content 


mommemot 0.25% to 0.35%. Carbon on the low side of this 





range reduces the hardness and strength that can be 
developed, whereas a carbon content that approaches or 
exceeds 0.35% may cause reduced ductility. 

Cartridge case steel is aluminum-killed because it is 
desirable that it be fine grained and have nonaging 
characteristics. The material also must be spheroidized for 
greater formability. A hot-rolled pearlitic structure may 
Masemexcessive fracturing of the metal, especially during 
the initial drawing operation. Complete spheroidization is 
not necessary but it should progress to tne point where the 
Peqiem cic structure is broken up. 

The base stock for a steel case may be procured from tne 
mill in the form of a blank or a disk of the specified gage 
and diameter or in plate form to be blanked by the case 
manufacturer. Each bolank must be inspected on both sides 
for defects which could cause failures during manufacture. 

Manuracturing operations in the production of a steel 
cartridge case proceeds from the blank and precup through 
Ssuecessive drawing, forming and machining to the finished 
case. The number of draws employed to form specific case 
depends upon the amount of reduction in wall thickness. fhe 
Dare Must sustain from the cupping operation to the finai 
draw. Each drawing operation work-hardens the steel to tne 
extent that it is necessary to anneal, pickle, and Lubricate 


the part before further cold-working can be performed. 


a 





The first drawing operation which forms the initial head 
section of the case and the first few inches of the side 
Wall is the cup. To prevent fracturing of the metal because 
of subsurface defects in the metal, the cupping operation is 
divided into two parts, precup and final cupping operation. 

The forming of the head section is critical because of 
the notch sensitivity of steel. There must be no evidence 
Sreorress raisers in the intérnal radius section of the case 
which joins the head and the side wall. To prevent the 
formation of any stress raisers, the head is formed in two 
separate operations; prenead and finalhead. This procedure 
provides the measure of control over the grain flow of the 
metal required to prevent the formation of any stress 
raisers. The prehead operation distributes the metal in the 
mead section so as to facilitate the formation of the primer 
boss and the extractor flange during final heading. Because 
of the notch sensitivity of the work-hardened structure, tne 
cases are annealed between preneading, and final heading. 
This annealing provides a more ductile structure and tnus 
greatly reduces notcn sensitivity. 


The cartridge case expands during the actual gun firing 


0 


amid “contracts after firing. Tne comparatively thin side 
wall results in an expansion that is botn elastic and 
Dieasticonee [QO extract readily from the gun after firing, the 


case must recover elastically to dimensions equai to or less 








than the gun chamber. The amount of elastic recovery 
depends upon firing pressure and the yield strength of the 
case. The yield strength is governed by the heat treatment 
and the subsequent tempering of the metal structure to the 
desired mechanical properties. 

During manufacture, the cases are austenitized and 
quenched to give the correct mechanical property values for 
tensile, hardness, elongation, ete. The cases are fully 
austenitized at 1620F (+10, -20) and quenched in brine at 
Memeo +s, =>). Final heat treatment consists of taper 
annealing at 1120F (+20, -20) for a maximum time of 7 
minutes. However, the taper anneal applies only to a 
Bomvlon of the case approximately 10.5 inches from the base 
to the case mouth. This taper annealing procedure produces 
areas with different hardness and strength values and a 
weemsltion zone between two. fhe final contour of the body 
section of the case is formed during a mechanical tapering 
operation that follows the taper anneal. Finally the entire 
case is stress relieved at 710F after tapering. 

The face of the head, extractor flange and primer hole 
are then machined to the finished dimensions. fhe side wall 
is then trimmed to length and the mouth edge is chambered. 
Cases with threaded primer holes are then tapped. fTo 
Mmacmebace Crimping.of the case to a projectile or a closure 


plug, the mouth area of the case is then annealed. Tnis 


1S 








mouth anneal helps prevent cracking during the crimping 
Cpemaetom, and Splits in the mouth during firing. 

Tne final operation in the manufacture of a steel 
Cartridge case for the Navy is to provide a protective 
coating of zine plating to prevent the formation of rust or 
Seaee Corrosive products. 

The cases are processed in an elevator-conveyor type of 
machine that is fully automatic. The process includes a 
chemical cleaning operation, a zine plating operation and a 


feaa Chromate conversion coating on the zine plate. 


Epes LC WAND PLASTIC PROPERTIES 

The elastic constants of a crystal are essentially a 
measure of the force required to displace the atoms of the 
Seystal relative to one another and so are directly related 
to the binding forces between the atoms. 

Because the elastic constants are so closely related to 
the interatomic forces, very little can be done to alter 
them in any given material. They can be changed moderate 
amounts by alloying but are relatively insensitive to cold 
work, or any other treatments that can de applied to 4 
material. 

A polycrystalline metal where the grains are at random 
orientation with respect to each other behaves as it were an 
Morrsole Clastic material with elastic constants which are 


averages of those of the individual grains. 
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iMie=plhasblc properties of crystals are structure 
sensitive, i.e., dependent on the imperfections present in a 
particular sample of material as well as the characteristics 


of the perfect crystal. 


eee ELD STRENGTH 

When a material under tension reaches the limit of its 
Siiajooic Strain and begins to flow plastically, it is said to 
have yielded. The yield strength is then the stress at 
fomeme plastic flow starts. In most. cases there is a gradual 
Meaistormacvion from elastic to plastic behavior. In fact if 
one works with sufficiently sensitive techniques he can find 
evidence of permanent deformation in the material even in 
the early part of the elastic region. 

tueomeclear tnenebhiat the yleld strengtn is at best an 
geeterarity defined point on the stress strain curve. Tne 
most commonly used method of defining the yield point is to 
Memsurucly a parallel dine to the elastic part of the stress- 
semaln curve but displaced to the right an amount equivalent 
Bomemolasclc strain of 0.20%. The stress at whicn this line 
intersects the stress-strain curve is the 0.20% offset yield 


Semenaonm { Ref. 2]. 


Pree ne Gt PiTATTION HARDENING 
When an alloy is heated to a single phase region of its 


equilibrium phase diagram and then cooled to a temperature 





corresponding to a two phase region of the phase diagram, 
the alloy will be supersaturated with solute which will 
Pere vowOhecipitate out of solution. The precipitating 
phase will in general have a different crystal structure and 
Bpeetitc Volume from that of the parent phase. Formation of 
precipitate particles within a homogenous solid solution 
Will result in severe local distortion of the matrix, 
creating concentrations of elastic-strain energy in the 
Mmrmermity Of the precipitating particles. This elastic 
em@eney Olays an important role in determining the form of 
the precipitate particles. 

Precipitating in age-hardening alloys begins with the 
formation and growth of fine solute rich clusters or GP 
Boemes tas fOrm in the matrix. GP zones form and coarsen 
early in the aging process. 

Iron-Carbon alloys are not easy to study but several 
interesting studies of aging of quenched austenite nave deen 
made. So far no GP zones nave been detected on aging. The 
first precipitates are platelets of a transition phase which 
1S probably the E-Carbide found in martensite formed when 
medium carbon (ex. 1030 steel) austenite is transformed to 
martensite. &-Carbide is the HCP transition phase which is 
coherent along the 100 planes of the alpha iron. The fine 
E-Carbdide precipitate hardens the steel appreciably, though 


the net increase in strengtn on transferring carbon from tne 
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clusters and dislocations to the precipitates are small. 
Heating to a higher temperature or holding for longer times 
leads to the formation of fine semicoherent platelets o).0 

PE ae Since this phase is thermodynamically more stable 
than the coherent E-Carbide, it drains carbon from the 
matrix and from the E-Carbide, leading to the slow 
elimination of the E-Carbide and replacement with a coarser, 
but still fine, semicoherent Fe 3¢ (cementite). 1nhis erowtn 


of cementite at the expense of the E-platelets leads to much 


euecne softening [Refs. 3, 4]. 


Dee AenhAY DIFFRACTION 

Of the many kinds of crystal imperfections, tne ones we 
are concerned with here are those which create non-uniform 
Straining. Non-e-uniform strain in the lattice is character- 
Lstic of the cold worked state of metals and alloys. When a 
polycrystalline piece of metal is plastically deformed, (ex. 
by rolling) slip occurs in each grain and the grain changes 
its shape becoming flattened and elongated in the direction 
of rolling. The change in shape of any one grain is 
determined not only by the forceS applied to the piece as a 
Waele bUL alSo by the fact that each grain retains contact 
on its boundary surface with all its neighbors. Because of 
this interaction between grains, a Single grain in a 
polycrystalline mass is not free to deform in the same way 


as in isolated single crystal would if subjected to the same 





Somommlaclon OY TOliiang:. As a result of this restraint by 
mesmUGte Moors, a plastically deformed grain in a solid 
aggregate usually has regions of its lattice left in an 
elastically bent or twisted condition or, more rarely in a 
state of uniform tension or compression. The metal is then 
Said to contain residual stress. Tne term ‘residual stress' 
Smedasizes the fact that the stress remains after all 
external forces are removed [Refs. 5, 6]. The effect of 
Strain, both uniform and non-uniform on the X-ray 

Set naction peaks is illustrated in rigure 1. 

When an annealed metal or alloy is cold worked its 
diffraction lines become broader. As the amount of cold 
.work is increased, the broadening increases. With the 
Meacesses Of recovery, recrystallization and grain growth, 
the lines get sharpener. So the degree of cold work can bde 


detected by X-ray line broadening techniques, Figure 2. 





Pe owen Wenn PROCEDURES 


Peete le RIAL DESCRIPTION 

Testing was conducted on specimens prepared by the Naval 
Weapons Station (Seal Beach) and specimens prepared by the 
Naval Postgraduate School (Monterey). 

All specimens prepared by N.W.S. were transverse 
specimens from circumferential rings cut from preselected 
Seeas Of the cartridge case according to Figure 3. Half of 
the rings were straightened and machined as tensile test 
Specimens. The other half of the rings were still semi- 
Sieeurar wonen supplied to N.P.S. 

At N.P.S. three whole cases were used. Test specimens 
were cut as shown in Figure 4. 

Steel used for the cartridge cases conforms to MIL-S- 
3289 (AISI-C1030) which establishes a carbon content range 
pemmoneo, to 0.35%. Cartridge case steel is aluminum killed 
ama spnerordized tor greater formability. Manufacturing of 
a case includes several steps as discussed in the background 


inmeermacilon. 


peeex=neat DIPFRACTION LINE BROADENENG STUDIES 
HG is reported in the literature that X-ray line 
Paeagdenite due to non-uniform lattice strain is proportional 


Bemonemsaquare root Cf dislocation density {[Ref. 6]. From 








this it was concluded that X-ray line broadening should be a 
very useful parameter in quantifying the degree of cold work 
Peed erespect to resulting dislocation density. X-Ray line 
SDroadening has been used to study the degree of non-uniform 
Seaarmm and the effect of cold work. 

PHILIPS XRG 3100 X-RAY GENERATOR, PHILIPS NORELCO 
SCANNER, AND PHILIPS NORELCO DATA-PROCESSOR and CONTROLLER 
were used. The samples measuring approximately 1/2" x 1/2" 
Were irradiated with Cu radiation and Monochromactic 
Graphite filter. Twenty degrees of scanning was performed 
for the (110) peak of Fe for each sample. The peak widths 
at half maximum (HPW) intensity were measured and recorded. 
Tne samples were chosen from the base region of the 
cartridge case (A-region). 

Three different procedures were employed to determine 
the effects of straightening and stress relieving. 

itm Procedure | 

One sample from the circular (unstraigntened) ring 
and one sample from the straightened ring (same ring cut 
from the case were taken from the base region. 

1) The half peak widths (HPW) were recorded witnout 
any treatment. 

2) Tney were electropolished with a solution 
containing l-part Perchloric acid, 10-parts Glycol-Acetic 
acremrores0 seconds at 40 VDC to remove any existence of 


surface cold work. Tne HPW's were recorded. 
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3) Then they were subjected to a 610F stress relief 
for 1 hour and HPW's were recorded to see the effect of 
Stress relieving. 

4) Then they were electropolished again (30 sec) 
and again the HPW's were recorded. 

A-ray line broadening techniques can meaSure the 
amount of cold work but emily very near the surface. 
Electropolishing can affect the line broadening if surface 
cold work exists. Electropolishing as described removes 
approximately 0.0002 inches of material from the surface. 

eeeeerocedure 2 

One sample from the circular (unstraightened) ring 
was taken. 

1) Without any treatment the HPW was recorded. 

2) Heat treat the unstraigntened ring. 

1620F (+10. =-20) 30 min austenization. 
Queniechi ne = CO5rwres =>) In Water. 
Tempering at 710F for 30 min. 

HPW was recorded. 

3) After heat treatment the sample was 
electropolished and the HPW recorded. 

Beaerrocedure 3 

An unstraightened half circular ring was taken from 

the base region. To measure the effect of cold rolling 


tmeencwstrazgarening, the following procedures have been 


employed: 


CL) 





1) Without any treatment a cut from a circular ring 
waS taken and the HPW was recorded, then electropolished and 
again HPW was recorded. 

2) The original half ring was cold straightened. A 
cut waS taken and HPW was recorded, then electropolished and 
again HPW was recorded. Then 610F stress relief was 
Subjected to the sample and after electropolishing it the 
HPW was recorded. 

3) The straightened original half ring was bent 
back to a semicircle again by nand and then straightened by 
the roller a second time. Then cut was taken and the same 
procedures as (2) were employed. 

poe oe erestramentenmed half ring was bent to a semi- 
@irele again by hand and then straightened by the roller a 


third time. Same procedures were employed as (2) after. 


SeeebeNoLLE TEST PROGRAM 

Tensile test program was divided into three groups each 
having subgroups selected to help understand and detect tne 
faeetCnr or Sturaizgnvening, stress relieving, etc. An INSTRON 
tensile test apparatus was used for that purpose and the 
Weerw Oriset method was used to find the yield stress. An 
extensiometer was not used; 0.2% offset was measured from 
the load-deflection curve. Two inches per minute chart 
speed and 0.05 inches per minute head separation speed are 


used. 


INO 
DO 





1. Effect of Straightening on Yield Strengtn 

In this part the aims were to determine the actual 
yield stress of the case (without straightening and stress 
Bobet )yeeo detect any anisotrophy and the effects of 
straightening and specimen preparation. 

Three cartridge cases were taken and cut according 
woe figure 4. 

a) Standard circumferential (e,f,g,h, Figure 4) 
half rings were cut, then they were straightened by the 
roller and then machined to the desired shape. Finally the 
test specimens were prepared according to ASTM 8 methods 
(Figure 5). Then the 610F stress relief was employed and 
the tensile tests performed. 

b) Longitudinal specimens were prepared in the same 
Way, but didn't require straightening by the roller. fhus 
Stress relieving was not required. Tne aim was to measure 
the unaltered yield strength in the longitudinal test 
Seren vacvilon. 

ec) In this group a new method was used for tne 
tensile test. Two full rings (a,b, Figure 4) from each of 
the three cases. Figure 0 shows the design of the 
specimens. 

in tChis@exoerlment tne toad is divided into the sum 
of two reduced sections. The full rings were cut from tne 


nead regions as shown in Figure 4. Then they were macnined 





to the desired width and then the gage sections were 
machined according to ASTM 8. 


eee eCu. Of oUralencening, Stress Relieving and Heat 
Treatment 


Several half rings were sent from Naval Weapons 
Beaeron (seal Beach). The half rings were from various 
locations within several cases and the rings were prepared 
as tensile specimens by the Navy method at Seal Beach. The 
other half of the rings were not straightened. In this part 
five different kinds of tests were employed. 

a) The straightened and reduced specimens from the 
Naval Weapons Station were exposed to 30 min. 610F stress 
relief. The tensile tests were then completed. 

b) The unstraightened half of each ring was roller 
Straightened and heat treated as follows: AUSTENITIZATION 
(1620F) + QUENCHING (65F) + TEMPERING (710F). The aim was 
to measure the actual yield stress of the case without any 
residual cold work. 

ey lOesce tmewel fect, of Stress relief and the 
stress relief temperature, tensile tests were conducted on 
Prmeoubarerings after straightening with: 1) No stress 


Gomer 2) 4SOOF stress reliet, and 3) 3800F stress relief. 


Deeerree) OF SIRESS RELIEF TEMPERATURE 
In this part six rings were cut from the remaining nead 


section of each of the three cartridge cases. 





a) Half of each ring was straightened and stress 
relieved at 610F (30 min.). The other half of each ring was 
Straightened only. Then the tensile tests were conducted. 

b) After straightening, half of each ring was stress 
relieved at 650F (30 min.) and the other half of each ring 
was stress relieved at 700F. The aim was to see the effect 


or the temperature of stress relieving on the yield stress. 


E. METALLOGRAPHY 

Metallographic samples from each region (A,B,C,G,K,J, 
D,E, Figure 3) were examined. The samples were from 
unstraightened half rings. The polished specimens were tnen 
etched with a 2% nital solution for 3-5 seconds and examined 


Wiewene a ZEISS optical microscope. 





VewekeouL TS ean DISCUSS FON 


ii vines previows studiese disewssed in the introduction, 
the preparation of the specimens had a definite effect on 
yleld strength. Hand straightening of test specimens (Army 
Method) resulted in low mean values, mechanical straizhten- 
ing followed by stress relieving (Navy Method) resulted in 


nigh mean values. 


A. X-RAY DIFFRACTION 

AS stated earlier, when an annealed metal or alloy is 
cold worked its diffraction lines become broader. As the 
amount of cold work is increased, the broadening increases. 
With the processes of recovery, recrystallization and grain 
growth, the lines get sharpener. X-ray line oroadening can 
measure cold work but only very near the surface. So 
electropolishing the specimens can show the difference 
between the surface and inside of material or the surface 
Cold work. 

Table 1 shows that both the half peak widths (HPW) ofr 
the circular (unstraightened), and straightened samples are 
the same. This indicates that any changes in the level of 
the cold work due to straightening is undetectable by tnis 
metnod. Electropolishing and stress relieving both cause a 


decrease in the amount of broadening, or cold work coming 





from the manufacturing. The reduction of the HPW following 
electropolishing shows that some cold work is concentrated 
on the surface. 

Table 2 illustrates that the HPW is dramatically 
decreased (much more so than just electropolishing) with the 
complete re-heat treatment. The electropolishing effect 
after heat treatment is small but exists. Possible cause is 
the residual stress due to quenching. 

Table 3 shows the effect of extensive straightening with 
another sample. Although straightened and rebent three 
Gimes, the straightening effect is still very small. Tables 
4, 5, and 6 show the electropolishing and stress relieving 
effects after each straightening and rebending operation to 
tne same sample. There is considerable difference after the 
electropolishing confirming the existence of surface cold 
work. 

It seems that the effect of stress relieving on HPW is 
mie@edsins WLltn tne amount of cold work or with the number 
of straightening operation but if we look at Table 7 it can 
Bemesecemmunat this effect 1S probably coming from the removal 
of material during each electropolishing step, again 
illustrating the gradient of cold work that exists through 
the thickness of the wall of the case. 


In summary, the X-ray diffraction tests have shown: 


NO 
—~] 





ayueioe plastic derormation resulting from the 
Straightening procedure was not detectable by means of X-ray 
diffraction. 

b) The cartridge case manufacturing procedure results 
in a high degree of retained cold work in the case with 


larger amounts of cold work in the surface regions. 


Bree LENSILE TESTS 

Tensile test programs were conducted on samples with 
[ierots processing history. tne individual results are 
collected in Tables 8-17 and averaged for comparison in 
Tables 18-20. 

The following were observed using the full ring, 
Standard al Pownall and the longitudinal specimens: 

eye imere 1S anisotropy in the properties of the cases. 
Both the tensile strength and yield strength are higher in 
mie lOugictudinal specimens (Table 18). This is the 
@irecaron of extrusion of the cases during the 
Mam@tacturing. 

b) The straightened circumferential specimens have a 
Slightly nigher strength than the full ring specimens, 
however determination of the yield stress for tne full ring 
samples was very difficult and these results are thus 
Buesgelonable. 


Come (ule rimg test may provide a good estimate of the 


actual case yield strength, but considerable developments 


as 











are required in the test methods. The non-linear benavior 
of the samples during loading and the distribdution of load 
to each side of the ring were problem areas for these tests. 

Table 19 sh@ws the effect of stress relieving, at 
different temperatures with the samples from different 
locations of base region. The observations are: 

a) Stress relieving gives a strain aging maximum near 
meer, but at 600F the yield stress is still higher than the 
Original as-straightened value. 

b) With the full re-heat treatment the samples nave a 
mucn lower strength than expected illustrating that a large 
amount of strengthening must be imparted during the tapering 
operation (residual cold work). 

c) The specimens obtained from N.W.S. (Seal Beach) have 
both higher yield stress and tensile stress values comparing 
Meomiedemcul~ec Cases obtained by N.P.S. This was true whether 
the samples were straightened by N.P.S. or N.W.S. 

Table 20 averages the data from Tables 16 and 17 showing 
the effect of 610F and 650F and 7OOF stress relieving 
treatments. 

meetomonserved that carbide precipitation plays an 
Mieemeant role. The tensile strength seem to remain 
constant put there is considerable increase in the yield 
following the 610F stress relief. And, the stress-strain 


CUrmvyes showed a sharp yield point with the stress relief av 





OOOF, 650F, and 7OOF, but there was an elimination of sharp 
yield point when the test was performed without any stress 
Bometet rigure 7). This is caused by strain aging of the 
straightened sample. 

Two specimens from the same ring were tensile tested 
after a 610F stress relief. One was tested immediately, the 
other was tested after severely bending it repeatedly. The 
result was again the elimination of the sharp yield point, 
and lower yield stress for the deformed sample. The UTS was 


Mnatiected by this bending process. 


moe TALLOGRA PHY 

Samples for metallographic examination from various 
meenons from the head to the moutn of one case were 
eaeesead. lone microstructure of each location is shown in 
Figure 8. 

The microstructure changes from very lightly tempered 
martensite near the head to over-tempered martensice 
(ferrite + Fe2C) near the mouth. 

These microstructures are consistent with the change in 


Suet ra tiav Exists along the iength of the case. 





VY. CONCLUSIONS 


1) The plastic deformation resulting from straightening 
procedure was undetectable by means of X-ray diffraction. 

2) The cartridge case manufacturing procedure results 
in a high degree of retained cold work in the case that 
ett DuLves to the yield strength of the case. Some of this 
cold work is concentrated on the surface of the case. 

3) There is a slight decrease in residual stress (cold 
work) with the 610F stress relief, as revealed by the X-ray 
Geroraceiton, but at this temperature strain aging occurs 
Baerecasing the yield strength considerably without affecting 
the tensile strength and restores a distinct yield point. 

4) The actual circumferential yield strength of tne 
Pamuredge case is believed to be about 150 Ksi. fhe Navy 
method will better represent the actual yield strengtn if 
the stress relief treatment is omitted. 

5) There is anistropy between longitudinal and 
transverse directions. The longitudinal direction is much 
Seagemecr than the circumferential direction (170 Ksi vs. 150 
Ksi yield strength). 

6) Hardness values are not a valid evaluation as an 


Meeempeance criteria. 


a 





7) Full ring test may provide a good estimate of the 
actual case yield strength but considerable developments are 
required in the test methods. 

8) The yield strength of three cases obtained by N.P.S. 


is lower than the cases cut up by N.W.S. (Seal Beach). The 


reason for this is unknown. 





TABLES 


Pees 1 
X-RAY TEST DATA (Procedure) 

A-4) Cisne LAR A-4 STRAIGHTENED 
CONDITION HPW (Cm) H2W (Cm) 
As is Vel ies 
Eee olash. Ses eS 
EP+6 10F( th.) Bez oa 
EP+610F+ED ay a 370 

IWS) 13) V2 


K=RAy 2eslevecs APsocesurs2) 


A-13CIRCULAR HALF RiNG 


CONDITION HPW (Cm) 
As is 12:05 
16ZO0F+Q0+719F mers 
15204+4Q+710F+EP mo 
Cape 3 


X-RAY TEST DATA (Procedure3) 


Aeo CLRCUDAR Hale RING 
SONTIT ION HW (Cm) 
As is 0.8 
1.r0l1(8 passes) 1073 
2.ro0ii(7 passes) lemeO 


3.rcll(7 passes) lel 





TABLE 4 
X-RAY TEST DATA (Procedure 3) 


GUN DITION HPW (Cm) 
As is e038 
Vee OLived 1.08 
1.zoOll+EP ~84 


1.TOLLI+EP+6 10F+EP He) Se 


TABLE 5 
Me-RAY eo DATA “(Psoceduc >s3) 
CONDITION HPwW (Cm) 
As is 6 Gre 
Ey 2 Ol red Wee 8 
Cee CLP ao 3 


2-TrOlLltEP+6 10F+EP Arcs) 


TAS a a oO 
M=RAY DEST DATA (rEOecedir s3) 
GEN DIT LON HPW (Ca) 
As is wes 
5) Ga onaa iS dlge, 
a. cOLIL+EP Sis! 


mes Ollit+ePp+o 10F FSP ey Ba) 


Tepe? 
R=TAL Les toast (Procedurée3) 
CONDIP LON HPW (cm) Thickness 
AS is oe wou or 
feo ll+ nr +5 10 es? yo So sora 
2,2 Outer a Peo VOFYEP = 1990 20749 
3 nel) Hee 6 19 ep > Oma 3 
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TABLE 8 


CHVegmr GaaNTLAL (°,f£7¢,n) RING CUITS TRATSHTITENED 
MACHINED+610F S.R. (30min.) 
(N.P.S. Specimens Figure 4) 


MeeN ot LE TEST DATA 


SPECIMEN AREA 
e1 2 OZ 25 
e2 - 01760 
e 3 8 ils) Se, 
fon = U2 ae 
fee2 2 OT © 
ees - 02110 
g 1 e072 ZO 
G2 01743 
g3 - 01550 
h1 91800 
h2 104) Ti e10, 
ois: - 01940 
Mcmois > 162.15 
AVG ¥S eS 0.09 
AVG HARD.: 


43.2 


g=standari dev 


UTS (Ks) Yokes.) 
1a fe 42 149.20 
167.61 155.97 
167.54 lS 1628 
16:07. 80 SP ee 
166.60 1534.95 
161.174 '5t2 13 
162.74 ee. V2 
NGrsian2 2 150160 
1SiBeee 1507-00 
162.78 07,00 
164.74 148.84 
153.750 145.88 
q=3.01 
g=2. 46 
g=3.78 


45.0 
45.3 
46.0 
46.2 
22 
Mes: 
elias 
4Q.7 
Shc Fey, 
S20 
Ber as: 
a2 9 


Md . 
- ~ = 
a ' 
a whe ws oe 


HARDNESS (C) 


wie 





TABLE 9 


LONGI TUDUNAL (c,d) SPECIMENS+#NO STRAIGHT. +NO S.RELIEF 
(N.P.S. Specimens Figure 4) 
HoNoe LE Leot DATA 


SPECIMEN AREA UTS (Ksi) YS (KSi) RARDNESS 
c1 On| 2518 39 5 16¢e.2 1 37-6 
GZ 0473 10 yckel hy: alsiteiey WY 38.4 
ope! -01450 WATS) 172.4 Sey 
e1-1 201414 174.14 leo. OZ S70 
om 2 - 01420 iga-3 9)! eS Bos 2 
eal-3 - 01380 TS On 07 fogs 20 Oy 6 
d 1 01471 Users) iG :62.55 Seley, 
GZ e040 Hs 25 We leo. 54 Siow, 
as ~01344 178.94 169. 64 esas) 
ai-1 ~ 01440 17 723 164,93 Soacs 
ea= 2 SONGr 3 163 250 leGso7 Bish 
ol pees ~ 01425 182.45 168.42 Sh) Ate: 
Mmiomors : 180.09Ksi g=/7 

AVG YS 169.60Ksi q=6.8 

AVG HARD.: 38.5 gq=.88 





TABLE 
MmUEL RONG SPECENENS( NS P.S. S 
meonol leebeok DATA 
SPECIMEN AREA UTS (ksi) 
al - 04064 144.93 
a2 -04976 V8.0 0 
a3-1 01984 i359 6 
a3z-2 mO2O cy loo 6 
je =) - 01900 160.35 
b1-2 SOTS5 163.34 
b2 703792 154.40 
D3 Sew esi 0) j52 201 
* The non-linearity of the 
For these tests makes 7h3 


very questionable. 


3g 


10 


pecimens Figure 4) 


YS (ksi) * 
143.95 
134.94 
148. 69 
143.18 
148.52 
154.93 
152.95 
151. 06 





Pains | | 


STRAIGHTENED+610F S.RELIEF 
(N.W.S. 


(S00 ir) 


Specimens,Figure 3). 


PEN SILE TES DATA 


SPECIMEN AREA  UTS(Ksi) YS (Ksi) HARDNESS 
Me Poles) | fese es 173.39 41.0 
A29 .01941 176.42 160.97 41.0 
A28 0 197 MG 160.87 40.0 
ay ROO eet? 157.28 40.5 
A3 .01910 184. 82 170.16 40.0 
A10 Noncion Uedaes 181.97 40.5 
AT D135) em 2. OE 161.68 39.5 
A6 sonleno. “Veneer: 166.50 41.0 
A12 .01910 186.38 a iloahe 40.0 
A25 .01950 192.30 Gees 41.0 
A8 Po1d00  Waeae4 171.05 41.0 
225 [ban eae eae u0.0 
a2 .01840 171.20 160.87 40.0 
A27 Hceo eee 167.88 40.5 
A17 -O1800 164-72 159.72 40.0 
329 OUI) ase 157.00 3840 
310 .01685 178.04 6 Baten eS 
B12 01645 178.72 164.13 S05 
B20 .01656 180.86 165.46 37.5 
39 SOG 2 GS 57 169.04 38.0 
346 Ponca TeaiGs Toes 38.0 
328 .01810 173.48 157.73 38.0 
C14 501692 Ws. ee Taree 38.0 
C11 .01594 183.34 Ie GeGii 38.0 
C28 yo1652 181-59 165405 38.0 
C27 01615 179.56 164.08 38.0 
C19 bb) ee |e 156.08 Zales 
C23 ieee. Anse 162.48 78,5 
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TABLE 11 Continued 


2 FerN EN 
er) 

C25 

C4 

Caz 

es 

G2 

G19 

G26 

2 


AREA 
-01688 
aU Tong 
-0 1535 
AO) | Sicha 
0 O27 © 
201584 
«0156 2 
~ Otters 0 
0S 
-01530 
Oe 
-01884 
20M 3 


i MCe @ eo 


175. 64 
180.67 
380% 13 
176. 66 
1A 3 1 
174. 24 
1652701 
171. 38 
175.41 
TESS 28 
TiS 
84.92 
107. 06 


YS (Ksi) 
\6iZ soo 
VG 955 
TOs OZ 
160.88 
160550 
161.62 
(leysirs 62 
Slag vs 
162.62 
160.13 
1057 
80.94 
104.15 


HARDNESS 


33.9 
38.0 
38.0 
S720 
338.5 
365 
Buy 
33.0 
57s 
SES 
2372 
22.0 
20.0 


See CLunNsS 
A 


-_D_ =e eee ee ee eee ee eee eee se eee ee eee ee ese ee eee Ss eee ee eee ee ee eee ee eee ee eee eee eee 


ANG EA ics 


NG2Zo9 1 
Ves 3S 
Wi 56 
170. 43 
lees 
Vices 


Q 


_- OV”V 


—» Ww £ 


AVG fs 


162.75 
iio2eo.) 
163.40 
Pevelaa) 2 
ete s 
Stee), 


= 


AVG HARD. 


40.0 
Be 8, 
Bie 
cy 
Bow) 


(- Serer eo: Cas 





TAB 42 


CIRCULAR+STRAIGHTENED+1620F+9UENCH+710F S.R. (30min.) 


(N.W.S. Specimens,Figure 3). 


BEat TREATED SPECIMENS TENSILE TEST DATA 


SPECIMEN AREA UTS (Ksi) YS (Xsi) HARDNESS 
A25 02007 160.78 131.35 41.0 
A29 .02030 137.93 130.79 bO.5 
A30 sozee5 171.15 157.70 41.9 
A15 202104 154.47 140.68 E220 
A6 .02064 160.617 145.35 42.0 
A12 201994 155.71 140.42 Na 0 
A232 HOMdiaae 1610.23 150.47 41.9 
B29 201340 152.617 144.02 u0.9 
B9 .01630 153.68 149.98 40.5 
210 .01620 168.83 156.79 40.5 
C26 £01757 151.39 143.71 42.9 
a Oni) P45. 39 131.65 ud.5 
eo 201580 160.75 124.68 Be 
ral 201510 153.97 148.34 41.0 
K2 201440 163.19 155.55 W065 
x1 -01499 160.10 150.10 41.0 
316 .01210 159.10 151.24 41.0 
99 .01354 166.17 155.10 BOR 
Mucmun Ss (Ko) q BYG YS(Ksi) q AVG HARD. 
156.50 aaa 144. 83 9.5 40.5 
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TABLE 13 


Creve ato tealons ENEDtNO’ S. RELIEF 
(Nowe ss SPecrMens,Figuse 3). 


tEvoL LE TESt DATA 


Se eCin EN AREA UTS (Ksi) YS (Ks1i) HARDNESS 
ee a0 12a 6 184. 29 Ue) SG bee 42.0 
AZ] ~02060 VWioeeeOr  (===-=-—- 44u.Q 
B2Z& OieoO) Ue Ss TA 157.14 40.5 
Baz ~916890 17a 13 ele Tt 40.5 
S) BL Gihy wanes) AVG UTS (Ksi AVG YS (Ksi AVG HARD. 
A 185.34 SE 43.9 
iS N22 ligceo 3 So) aes) 
TASLE 14 


Sr veura aS te nGHTENED+S09r S.n.(30mi= .) 


(ipenet oe SS2eCoMens,;FiqurS 3) . 


Mest is TEST DATA 


Se ecin ZN ARZA UTS (KsS-) Sas = HARDNESS 

Aa yy Ohare ie) 7) NeNeh 7A nore S20 

Gv 91640 ote oS 144.82 BSS 
TAske. 15 


CIRCULAR+STRAIGHTENED+400F S.Rk. (30min.) 


(Neves. specimeans,rigur> 3). 


) 


Pee sLLE TEST DATA 


So ci an ARZA UD Se 4s2 Vos Kes amon 2 35 
A21 wOne V2 184.55 ies 32 40.9 
ey. oly 2. Wa W63.5/7 OQ.) 


Al 





TABLE 16 


d72 CURCURERHSURAITGHRENDNG+NOGSTRESS RELIEF 
Teele etesotT DATA (N.P.S.) 


SPECIMEN ARBA UTS (Ksi) YS (Ksi) HARDNESS 
1-1 .01763 a2 oe 133.86 34.5 
1-2 .01633 165.34 131.66 32.5 
2-1 wouiew 4 165.17 _ -$----- 35.0 
2-2 .01733 164.45 ------ 33.5 
3-1 .01467 164.28 e292 34.0 
3-2 0715714 164.82 136.18 35.0 
AVG UTS (Ks?) q AVG YS (Ksi) q 

164. 38 ie? 133.65 1.6 


OTHER 1/2 HALF RINGS+STRAIGH.+610F S.R. (30min.) 


SPECIMEN AREA UTS (Xsi) YS (Xsi) HARDNZSS 
1-1 01661 162.55 145.09 chee 
1-2 -01626 167.89 150.98 SAO 
2-1 .16900 162.72 146.15 36.9 
2-2 SOe) WEP 167.44 150.11 37.5 
3-1 Ron ty, 167.79 15s) oie: 36.0 
3-2 201496 165.44 147.06 32.0 
AYG UTS (Ks?) g WiC MeS 1) g 

165. 64 2.3 148.79 2S 


ee ee ea ae eo ee ee ee ee ee ee > <a <a eee eee ee es es eo es 


{> 
ho 





TABLE 17 


Wee encCURMetoreALGHT -t650F (30min.) S.R. 
Peo kLE TES? DATA (N.P.S.) 


SPECIMEN AREA UTS (Ksi YS (Ksi HARDNESS 
1-3 .01577 159.80 146.07 40.0 
1-4 .01480 162. 16 147.64 41.0 
2-3 .01661 164. 36 150.51 41.9 
2-4 Bone 20) 162,80 149.88 u2.9 
3-3 MOde2 2 oh 152< 30 147.97 39.0 
3-4 mons o6 =| 1S sos 139.62 u1.0* 
AVG UTS (Ksi) q RVGeicukse) g 

162.28 1.4 147. 28 3.5 


enemy 2 CURCULARtSTRAIGHT.+700r S.R. (30n2n.} 


SPECIMEN AREA UTS (KSI) YS (KSI) YARDNESS 
1-3 .01515 158.41 146.53 38.0. 
1-4 601429 152.55 142.05 37. 

2-3 .01688 162.62 148.10 32.0 
2-4 .01765 158.60 148.68 31.0 
3-3 CSE ED ou 151.55 35.0 
3-4 .01430 154.20 144.05 34.0 
AVG UTS (KSI) g AVG YS(KSI) q 

158.23 3.8 146.82 3.1 





TABLE 18 


Meets Thot DATA (N.P.s. Specimens) 


Avereges From Tables 8, ace 10. 


CONDITION 


9, 


AVG UTS(KST} 


FULL RING+NO STRAIGH.+NO S.R. 156.60 147.28 
LONGITUDUNAL+NO STRAIGH.NO S.R. 130 209 169.60 
PRANSVERS+STRAIGH.+600F S.R. 162...15 oO Ge 
TABLE 19 

Melson 625. DATA 

Averages From Tables 11, 12, 13, 14, and 15. 

The Specimens Ob*ained From N.W.S. 

LOCATION 
CONDITION A B 
UTS mS UES “Ss elkes: 

Sf2enaGa.+NO S.R Messe 159.13 1/2642 158.93 —=---- 
Seer eco NoZ2Z0Fr+O+7 102 154.55 143.31 153.14 146.55 135.88 
Se aneGd.+400F S.R. 184.33 163.32 -rere- ce LL Pe 
STRAIGH.+610F S.8. mero. 6S Volleys. 1772-53 162.60 177.56 
STRAIGH.+8COF S.R. 150. 24 3139.70 we---- ------ 151.533 


AVG YS (KSI) 


Peers Wr 
163.57 
163.40 
T4uu.82 


—_— —- 2 ae ee Re eee eee eae eee ee ee —_ ae ee OE eee ee ee eee ee eee ee ee ee eee ee 


menvomie thor DATA (N.P.S. So ecimnens) 


Averages From Tablas 16, and 17. 
CORTLTION AV G70 Tork 1) 
lee. + ST AGH. FNOeS. kK. ees Site! 
VAeennS . SPR avon. o TOE Sn. eS ro 
1 POTS. +SMRALGEPOOWF S.R. 1602.28 
W/ 2GDROs+ SRRAL GH TO0F S.R. Ween 23 
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(33.0 
148.79 
Wen? 2.28 
TidaGiven Buz 


AVS.YS (KSTI} 
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Pigupe 1, The Diffraction Lines According to the 
Difttement involved Straims [Ref. 6] 
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Figure 2. 
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Broadening and Sharpéning of Diffraction Lines 
Due to Cold Werk and Annealing [Ref. 6] 
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Piggure 5. 


ASTM E8 Tensile Test Specimen 
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Figure 6. Full Ring Specimen Prepared at N.P.S, 
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Figure /, Tensile Test Curves Showing the Strain Aging 
Eefeet (From N.P.S. Specimens) 
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